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ABSTRACT 


Ball bearings for hostile environments have been developed. 

They consist of normal ball bearing steel parts of which the rings 
are coated with hard, wear- res ist an t , chemical vapor deposited 
(C.V.D.) Tic. Experiments in ultra-high vacuum, using cages of 
various materials with "self-lubricating" properties, have shown 
that such bearings are suitable for space appl icat ions . 

ESA has considered using such treated ball bearings. 

The results of different laboratory tests undergone by the ESA 
'leteosat Radiometer Focalising mechanism, which contains 5 coatee 
bearings, are promising, anu are s urnnia r i sed . 

INTPQCUCTICN 

Ball bearings are required f^r operation in hostile environ- 
ments, for examiple, in cerr^osive meals, under radioactive radiatior-, 
at elevated temperatures, in space, etc... They m;ust be perfectly 
reliable as in miost of these environments few or no parts can be 
replaced. 

This paper deals with the development tif ball bearings for 
space applications. Several solutions have been proposed; the use 
of bearings made of special high speed steels, cem;ented carbides, or 
various hard, wear- res istant materials other than steel have br'ougt'a 
some improvements. We, at the LSRH, have tried to resolve the prv.t- 
lem by co'ating standard commercial steel ball bearings with hard, 
wear - res i s tan t TiC layers by C.V.D. (Chemical V^jpor^ Deposition), 
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and by using cages of various materials with s e 1 f - 1 ub ri cat i ng ” 
properties (1,2). The ESA considered these b3ar:ngs of interest for 
space applications, e.g., in its Meteosat progranrime. 

In the following the characteristics of the bearings are de- 
scribed and the procedure for obtaining them is given in brief. 
Finally, some of the planned space applications are mentioned; som^e 
tests undergone by the various mechanisms in which such treated ball 
bearings have been used are also given. 


CHARACTERISTICS OF THE BEARINGS 

For rolling and sliding contacts during continuous and inter- 
rupted operation It is important that the materials of the partners 
a- r e - e f - ^ - 4 u-re t : - I-fv t - 4 s 'P^p^ereW:^ - 

to have metal - ceramic rather than metal - metal contacts in order 
to avoid microwelds and diffusion. Only one of the partners need 
therefore be treated with TiC, i.e., the balls or the rings. The 
combination "uncoated balls - coated rings" is preferable for small 
diameter bearings. For larger diameter bearings the contrary is 
true. In fact, the rings undergo distortion and/or deformation 
during C.V.D. For larger diameter rings the deformation can be so 
important that oorr-ection by mechanical means becomes impossible 
without removing the TiC layer (5 - 10 um). At the m.oment develop- 

ment work is being done for the application of hard, wear- res i stant 
Tic coatings to larger diameter ball bearings. 

For most applications hard coatings are only of value if the 
supporting substrate material is also hard. Hence, only hardenar_ie 
steel, cemented carbides or cerarrdc materials are suitable. For the 
ball bearings described here, a hardenablt:^ stainless steel (AISI 
440 C) was chosen because: 

- the rings and spheres can be machined from this steel, thus the 
existing ball bearing production know-how can be applied and the 
overall costs reduced; 

- this steel is suitable for the C.V.D. of TiC; its composition 
(ml%C; ^17%Cr) enables air quenching to a hardness of about 62 Rc; 
its deformation and/or distortion during thermal treatment can be 
kept within reasonable limits. 

During the last years the know-how for the C.V.D. of TiC on C 
and Cr containing steels has become well established (3). Such 
coatings are very friction- and wear - resistant and show no measurable 
wear from adhesion during friction against metals (4). The compo- 
sition of Tie can vary greatly between almost the stci- 

c h i ome t r' 1 c c omp o s 1 1 i a n TiC ( 5 ) . The mie c h a n 1 c a 1 p r-c p e r t i e s of si n g 1 e 
crystals a n d of 5 1 n t e r'e d ho t p r e s s e d T 1 C a vp, g i v g r i 1 r • ( f j ) . A n i r - 

portant property of TiC ror its application to beardngs is its haic- 
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ness. In Table 1 the comparative hardnesses of several ceramic 
materials are given on a schematic scale. 

PROCEDURE FOR OBTAINING TiC COATED BEARINGS 

The Tic coatings are applied to polished, finished bearing 
rings. This is important since the surface roughness increases 
during C.V.D..and due to tie hardness of TiC it is difficult and 
delicate to polish the races . 

The C.V.D. of TiC is performed at the LSRH. The machining, 
thermal treating, polishing and assembling of the ball bearings 
are carried out by experienced manufacturers. In the case or the 
small diameter bearings which are discussed here, the manufacturing 

weirfer* aoftte-- 'ttrstirng^'Xjf^- the f inis tre'd prodacis , was done by RfIS -■ 

(Roulements Miniatures, Bienne, Switzerland) . 

The C.V.D. of TiC is achieved by the interaction of a volatile 
Ti halide with and OH^ at a high temperature {2,7j; 

H ; 800 - i000“c 

TiCl^ (g) + CH^ (g) = ^ lie (s) + 4HC1 (gj 

The deposition rate depends n n s e vy s r a 1 p a I'-a rr e t, e r s a ^ i j c a ri v a i' y 
from 1 to h micrometers per' hour. Figure 1 shoivs a soar'ning e 1 e - 
tron macro scope picture and the rnicr^prooe analysis re solas :f a 
section through a TiC coating and its AISI C steel suostrate. 

The steel is in the quenched state, i . e . , the mixed Cr-Fe carblGe 
g r a i n 5 a r'S d i s p e r'' s e d in a ma i ' t e r ; s 1 1 i c m; a t r i 'x . 

A very important aspect in the manufacture of high precisicf: 
bearings is the fact that in the steel the phase changes ” pearl ite 
austenite” and ’'austenite > martensite” are accorripanied by volume 
changes. If the heating and coaling is not done acci.aading to the 
cycles prescribed (8), disastrous distortion might occur' (9]. 

The C.V.D. process is characterised by the fact that tht qual- 
ity of its products is influenced by many pdrarrieters of which some 
impoi'tant ones are: the pressure, total gas flow, gas composition, 
temperature and its profile and cycle, load density and its arronge- 
ment in the reactor. A slight change in one of these (operating 
conditions can have a drastic influence f)n the characteristics of 
the TiC coating. For the bearings used in the F!etc ' ; sat P o y r' a mr^ p , 
a vertical C.V.D. reactor of 120 o)m I.D. was used; for eac-‘i treat- 
ment a total of 36 pair's of bearing rings were evenly ‘■o-r-ed upi...;r: 

6 different levels. Despite the lJ i F f' i ou 1 1 i es enc.. 00:^.100 in ker-pi's 
the m.any parameters ccm. strait. Foe i o p r .0 u *ii b i 1 i ' y ,j f Fti- -a. i r ig y 
was more tnan acceptable. Due tu Fbt:: e r-m',;) i F r'- t 'T>:a. ^ u ■,>.:F::^^ 

numcer of tings under'wenF Fi,;o Igirgu a i ■ i ; F i j r-F i un ur-^a r.^jd s.'; :o- 
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rejected. Five reactor loads were necessary to produce the total 
amount of ball bearings for the ''leteosat prograiTime . 

Ti e Tic coating thicknesses averaged over the 6 levels a'"^ 
indicated_in Table 2 for the 5 C.V.D. t r-a tmon t s . T'ese results 
were obtained by sectioning a pair of rings frun- eaci- level after 
each Lreatment, and cy examining tnerr in an optical microscopo. 
These results shovj that by taking normial p I'e cau t i on s . it is possi- 
ole to obtain results which are sufficiently reproducible for the 
production of TiC coated rings for small diameter ball bearings. 


APPLICATIOMS 

1. Solar Wind Composition Experiment (Apollo) 

With its Solar Wind Composition Experiment the University of 
ern, Switzerland, participated in Apollo experiments on the moon. 

A metal foil^was unrolled manually by the astronauts'of the first 

five Mpcllu landings, exposed to solar radiation and rolled up 
again. For these manual operatlcnr. a device with standard bearings 

owever', an autcjnrtatic foil rcllor was 
-he start of the expei'ment the foil was to bs un~ 

ans of d I imer' the foil was to iae rolled 
fixed tine intervals. In order to en- 
Fit coated bearings were considered, the 

:d as f C J j. i □ W S I 


w as u s e s . 

F G r • 

Apo 1 lu 17. 

d e V e 1 c p^ e c . 

A ■: 

the start 

ro lied r cj 


, then by 

- P in a St 

epw i s 

e manner. 

3 u I'e d I hj i 

i as 1 e 

ope rat i on 

c d I ■ d u- 1 e I i 

sties 

of W I"! i c t; 

I ypsc : 

w w s 

□ .[]. I'i rrr 

h i-gs : 

AIBI 

A 4 G r . G t e 

L. d i ^ s : 

A 1 d I 

44C C ste 

i r> p 

a r c T 

. ■ X L 

4 A G G ste 

1 t e 0 

- V i c e 

wh i dh wois 

.s:;-it 

n kj Cl t , 

- the Eoroj 

f S I S g, r t 

1 n ■ 

ano vibr'd 

/. S . n-. 

din- 

j I t. I d ' h ir h 


. u . 


n . 


1 . 


4 r r 


( ph t; t pc: 1 y ne r i / a t i on 


i..'j f-- i 


wui 

(y per pc 


uP other test i f;g pr..gi y 
c u bj e uted to si n u s o i a 1 
wOj i a r axes, acn:ortJiri^ 


0 tb'i ! i r 

: n r: 

. 1 ml r 

,Itir 
^ V i 0 

0 e c i f i 


n n 


i bxptjron efit 
. 1 0 ;j in 3 r u t u ■ 

f ormarice proved to be extremely satisfactory (1C, 11). Th?s -.tdi- 

'-^-''^P'-'^n-ion Experiment, could not. however, ce 
■ - - r as H -j r . of t e h; e a v y A p o a. 1 s 1 /’ p r ' s g r ' rj rm e • 


e t e .. s a " J I re t e r F s p- j I i s a f i s n r s s n J s 


P"^ /; i L 1 t e ssed i ^ 


1 : 


' e e s a i t e 1 e s i , ■ 

fr.r a - t a " i e- i r y sattilli^e: 

- - ~ i : J g • s b e f tt s : j s ^ ‘ -■- ' . ■ : 


...f tr:e 

n (o r be r t ;j n: t i. r 
1 ... . in., : iji, 


124 


.11 /r 

ORlGIiNAL PAGE IE POOR 


schematic view of the mechanism which consists of a step-by-step 
motor, 5 to 1 reducing gears and a screw-bolt system. The rotor, 
intermediate pignon and screw are mounted on ball bearings (Type 
Q.D. 13] manufactured by RNB; the rings are coated with TiC. The 
bearings are prestressed to such an extent that there is no risk of 
shocks during the lift-off. The mechanism has been tested by PIATRA 
ENGINS and CNES 



2 .1. Tests by MAT^R ENGINS (12}.^ 

A mechanism was activated periodically in ultra-high vacuum. 
Each test cycle consisted of a complete focalisation range plus 
return. It was impossible to measure the torques induced by the 
bearings; variations in the total resistance werar therefore, fol*- 
lowed by measuring the starting vo^ag^ of the step-by’-ste p mot or « 

In Table 3 the programme followed for this series of tests is 
given. The number of revolutions achieved during the programme 
exceeds that which the mechanism is required to perform in space. 
These lifetime tests have not yet been completed, no visual exami- 
nation of the bearings has therefore been done up till now. 

During the first 2D focusing cycles in ultra-high vacuum; there 
was a slight increase in the resistant torque, to a level close to 
that measured in the laboratory atmosphere. This increase never 
reached 30% of the low values obtained at the start of the 'J.h.V. 
testing. The safety margin of the miechanism was about 6, since the 
nominal voltage available was ID V. In order to see if the torque 
increased after one lifetinie, the tests were^ continued until twice 
the expected lifetime of the mechanism: had teen rattained. The im- 
portant conclusions of these tests are that the resistant torque in 
U.H.V. is not greater than that in ni..T'mal atmosphere, and that it 
does net ir; crease after an imn_;Cility of 3 0 days. 

2.2. Tests b ^ C ^ £ S 

These tests are comp lement ary to those done by klATRA ENGINS 
and are aimed at quantifying the resistant torques of the bearings, 
the behavior of the torque and the deterorjrat ion of the bearings, 
under the conditions in wiiich the mechariisin wxll Le required to 
operate. 

The resistant torrpje of the preioaded bearings v.as cantinuously 
me a s u re d o y e a s o f a m L c r^o r, -i 1 a n c a (13). In 'j I'd e r to take i n t o 
-1 - os ■ . u r 1 s t t e d i f f e r e r) t stresses t b e o t -_j r -jo ■! s t e s. o e a r ' i s s ill re 
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- motor tearing type: characterised by intermittent very high angular 
acceleration (typical for a step-by-step motor) and a high preload. 


- i 

■ ? 



In order to take into account the integration, qualification 
and acceptance tests of the mechanism, and its use during flight, 
both types of tests were performed in two uninterrupted stages; one 
in air and the other in U.H.V. The rotation direction was alternated 
periodically. In Table 4 the conditions under which the tests were 
performed are given. The length of the tests was determined by 
tak in g int o acc oun t the wo rst co nfigu ra ti on and by m ul tiplying by a 

Thr&e types of information were obtained from each test t 

- the behavior of the tor?|ue measuf^rrcontiriaously with the micros 



’ the comparison between the individual bearing torques, before and 
after the tests, according to the U.S. standard MIL.STD.2D6; 

“ SEM analysis of the bearings after the tests; identification of 
the deposits on the races by means of X-ray spectrometry. 


The results obtained with the screw bearings are as follows: 

- In air, after a short running-in during which the torque increased, 
the latter' stabilised between 40-50 g-cm; the average torque was 
relatively stable and the maxima were about 50% above the average. 
In vacuum, after a sudden increase of the torque there was a 
running-in corresponding to a decrease in the torque which became 
stable between 25-30 g.cm. The torque was noisy and the maxima 
''iere about 100% above the average. This can be seen in Figure 3. 

- The ratio of the averages of the individual torques of the bear- 
ings, before and after the tests, was between 1 and 2. 

- 3Eh1 analysis showed that despite the very high preload the TiC 
coating did not deteriorate, but that a double transfer (cage 
ball ^ rings) of the Ag-In lubricant occurred. The Ag-In coating 
on the surfaces of the balls was uniform, but only particles of 
this miaterial were present on the races. 


The results obtained with the motor bearings are as follow's: 

In air, the torque increased continuously throughout the tests, 

g.cm. The torque jresented the same type of noise 

40% above 
orque de- 


from 4.5 to 24 g.cm 
as the screw bearings in vacuum. The maxima were about 
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fying an important deterioration of the bearings. 


- The SEM analysis showed that the TiC coating did not deteriorate, 
but that there was an excess of lubricating material on the races 
due to double transfer (cage ■* ball -*■ rings). The deterioration 
of the performance of the bearings was significant. (ieverthe less , 
the very severe conditions did not totally destroy them as the 
Tic coating remained perfectly in place and the cages resisted. 



The TiC coated bearings tested satisfied the operational condi- 
tions re ^Lji rg- d for the fleteosat Radi o meter ^E oca lisj^^ as 

the behavior of the wear-resistant coating was good. The Ag-In 
lubricant should, however, be replaced by one based on MoS^ or a 
similar material. 




Hard, wear-resistant TiC coatings obtained by C.V.D. are 
sufficiently uniform and reproducible for use on rings of small 
high precision ball bearings. Several space applications for such 
treated bearings have been proposed. Both bearings and mechanisms 
using them have been tested in laboratory environment and in actual 
space simulations, and the results have shown that TiC coated ball 
bearings are suitable for such applications; no deterioration of 
the TiC layers was observed. 


ACKNOWLEDGEMENTS 

The writers sincerely appreciate the helpful comments of 
G. Stehle (Roulements Miniatures, Bienne, Svjitzerland) and are also 
thankful to J. Fischer (University of Bern, Switzerland) and 
J. Jouan (Matra Engine, France) for obtaining part of the data. 


127 


RBPRODUCBIUTY OF THE 
ORIGINAL PAGE IS POOR 


REFERENCES 


(1) Gass, H., Hintermann. H.E., Stehle, G., Briscoe. H.M.. "Bearings 
for Extreme Environments", Paper presented at the European Space 
Tribology Symposium, Frascati, Italy, April 9-11, 1975. 

(2) Gass, H., Hintermann, H.E.. "Chemical Vapor Deposited TiC for 
■■aeA rl P gS * ^j::hH m l c al. Vapar--Oef K is.iJuioR-^--E n.u^b--- 4r.t o- rf> a - Hi !h fW^- — — 

Eohfel^hce, The Electrochemical Society, 563-576, 1973> 

(3) Ruppert, W. , "Die Abscheidung vonTitankarbiduberzugenaufStahl- 
pberfilchen", Metalloberflache, 14, 193 C1960}, 



. TIC ' caatlftg§"","ProcBed'rngs"'5F 

(5) Pearson, W.B., "Handbook of lattice spacings and structures of 
netals", Vol II, Pergamon Press, 1967. 

(6) Engineering Properties of Selected Ceramic Materials, The 
American Ceramic Society, Columbus, Ohio, USA, 1966. 

(7j Ruppert, U., Deposition and application of TiC coatings onto 
tooiS consisting of steels and sintered hard carbides”, 

Chemical Vapor Deposition, Second International Conference, 

The Electrochemical Society, 443-459, 1970. 

(8) Metals Handbook. 6th Edition. Vol 2. Heat Treating, Cleaning and 
Finishing. 245-250, 1964. 


(9) Cement, 3.S., Distortions in Tool Steels, American Society For 
Metals, 1959. 


(ID) European Space Agency, Testing Division, Solar Wind Experiment, 
Test No. 733, Ref. HBF-VTC, 1970. 


(11) European Space Agency, Testing Division, Solar Wind Experiment, 
Test No. 0732. Ref. DDT/TD/JGR. 1972. 

(12) Jouan, 3., Pautret, M,, "Utilisation des Roulements RMB sur le 
Mecanisme de Refoca 1 isat ion du Radiometre", Matra Engins, 

No. 60/134, August 1976. 


(13) 


C c n d e , 
r'' i n i a t 

w y ... 


E., "Methcde Je Controle en cantinu de Roulements secs 
res”. Paper presented at the European Scace TriLologv 
:s - .t I . Italy, April j - 1 1 . Ia75. 


128 


i. 


13 fOOBu 




Table 1 COMPARATIVE MARONE55ES Of TiC AND OTHER COMMONLY USED CERAMIC MATERIALS 


Microhardness 
Kg / mm* 



Table 2 AVCRAGE TiC -COATING ThiCKNCSS£S ACHICVeO CURING THE S C V 0 TREATMENTS 


TREATED PART 

coating thicknesses in pm 

1 

eVD TRE 
2 

ATMENT NUME 
3 

lER 

4 

S 

OUTER RING 

6 5 1 0 5 

5 0 t 05 

4 5 1 05 

4 5 1 05 

4 5 1 0.5 

inner ring 

■BBEB 

4S • 0 5 

4 5 ♦ 0 5 

4.7 1 0 1 

4 5 1 0.5 


Table 3 CONDITIONS OF TESTS PERFORMED BY MATRA ENGINS ON THE RADIOMETER 
FOCALISING MECHANISM. 


DURATION 
( days) 

PRESSURE 
( Torr) 

RHYTHM 
(cycles / days ) 

NUMBER 0 
SCREW 

f TOURS 

MOTOR 

44 

2 10'* - 9 10'^ 

variable 

1832 

92 6 8 

68 

<n 

1 

O 

4 

166S 

84 25 

30 

7 10*3 

1 

366 

1830 

30 

7 10 

NO 

0 

0 

27 

7 10*9 

1 

31 2 

1559 

total 

4175 

21082 


Table 4. CONDITIONS OF TESTS PERFORMED BY C N E S ON MOTOR AND SCREW BEARINGS 


bearings 


PRELOAD 

MOVEMENT 


QUANTI TY 

tested 

QUANTITY 

(da N) 

angular 
occelerat . 

speed 

UNITS 

AIR 

2St3*C 
45t1S*/» RH 

VACUUM 
10'* Torr 

MOTOR 

6 

4 5 


18 •/<4msec 

motor steps 

6.2 10* 

7 2 10 * 

SCREW 

6 

7 0 


90 f p h 

number 
of tours 

6150 

7074 
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